(19) 



J 



Europiisehes Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

12.12.2001 Bulletin 2001/50 

(21) Application number 01113903.7 

(22) Date of filing: 07.06.2001 



(11) EP1 162 055 A1 

EUROPEAN PATENT APPLICATION 

(51) lntC|7: B29C 70/34 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Montague, Keri Jane 


IMC NLPTSE TR 




Yeovil, Somerset BA22 9PR (QB) 


Designated Extension States: 


• 


Pugsley, Dennis Winston 


AL LT LV MK RO SI 




Yeovil, Somerset BA21 3HG (GB) 


(30) Priority: 10.06.2000 QB 00141 13 


(74) 


Representative: Lucking, David John et al 






FORRESTER & BOEHMERT 


(71) Applicant: WESTLAND HELICOPTERS LIMITED 




Pettenl(oferstrasse 20-22 


Somerset BA20 2YB (GB) 




80336 MQnciien (DE) 



(54) Vacuum membrane moulding of a layered composite material 



(57) A method of moulding articles from layers of 
composite material being fibres Impregnated with un- 
cured resin, includes draping at least one layer(16) of 
the composite material over a moulding tool (12), apply- 
ing over the composite material layer or layers (16) a 
membrane (1 8) , and establishing an at least partial vac- 



uum between the membrane (18) and the moulding tool 
(12) to consolidate the composite material, character- 
ised in that the membrane (18) is made of a resilient 
material, and the method includes applying a force to 
the membrane (18) to stretch the membrane (18) over 
the moulding tool (12) and maintaining the force whilst 
the at least partial vacuum is established. 
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Description 

[0001] This Invention relates to a method of moulding 
and to a moulding apparatus. More particularly but not 
exclusively the Invention relates to a method of mould- 5 
ing a large article where tolerances are critical, such as 
a helicopter rotor blade which Is elongate, having a sub- 
stantial axial extent, or a component therefor, such as a 
leading edge spar. 

[0002] It is i(nown to manufacture helicopter rotor io 
blades by draping one or usually more than one, layer 
of composite material in or over a male moulding tool. 
The composite material may typically be fibres such as 
carbon, glass or Kevlar fibres impregnated with an un- 
cured resin, usually a thennosetting resin. is 
[0003] A membrane is then placed over the composite 
layers and an at least partial vacuum established be- 
tween the membrane and moulding tool, to consolidate 
the composite material. 

[0004] The method may be repeated during laying up 20 
of the layers, to consolidate and remove any air trapped 
between layers of the composite material. Finally, with 
a membrane in place, and at least partial vacuum es- 
tablished, the moulding tool and draped composite ma- 
terial are subjected to heat and pressure, typically within 25 
an autoclave, to cause or promote curing of the resin, 
whilst the pressure ensures consolidation of the com- 
posite material on or in the male moulding tool. 
[0005] The membranes used are made in bagging 
materials which have only limited stretch and are unable 30 
to form to complex shapes. To overcome this problem, 
the membrane material may be pleated, but this can 
cause a pinch into which composite material may de- 
form, which spoils the shape of the finally moulded arti- 
cle, and In the case of a helicopter blade, this can result 35 
in the scrapping of the moulded article. 
[0006] Also, it Is known to use a so-called shape In- 
tenslfier, which typically, where the moulding tool Is a 
generally male shape, is a matching female shape. The 
male and female shapes are relatively closed together 40 
thus preventing any thiclcness variations In the compos- 
ite material between the shapes thus providing a defin- 
itive shape for the composite. However, particulariy 
where the article to be moulded is a large elongate ar- 
ticle with a substantial axial extent, such as a helicopter ^5 
blade, to make a matching pair of moulding tools for the 
whole article can be prohibitively expensive. According- 
ly It is usual for one or more shape Intensif iers to be pro- 
vided which are of relatively small extent compared to 
the main moulding tool, and are used in particulariy so 
problematical areas of the article only 
[0007] Another problem with the known method de- 
scribed above of moulding using bagging materials, is 
that by the nature of the bagging materials, generally 
they are usable only once, and have to be disposed of ss 
after a single use. This is because the bagging material 
degrades and becomes brittle due to the heat experi- 
enced In curing of the composite material, thus becom- 



ing sub-standard and a risk to re-use. 
[0008] in GB 1 4381 84 there is disclosed a method of 
moulding in which a rubber band is used to hold layers 
of composite material on a moulding tool whilst the tool 
and composite material layers are introduced into an 
elastic bag. 

[0009] The moulding tool, composite material layers 
and the elastic bag are then placed in an autoclave 
where compression of the material layers is achieved 
by applying a vacuum. 

[0010] According to a first aspect of the invention we 
provide a method of moulding articles from layers of 
composite material being fibres impregnated with un- 
cured resin, according to claim 1 . 
[0011] Thus in accordance with the present invention, 
the membrane will conform to the shape of the moulding 
tool by stretching so that no pleating or the like is re- 
quired to accommodate complex moulding tool shapes 
prior to any compression of the material layer or layers 
in an autoclave or the like. Furthemiore, by using suita- 
ble resilient membrane materials, such as elastomeric 
materials, the membrane may repeatedly be re-used. 
Moreover, it has been found that the stretched elasto- 
meric material acts as a shape intensifier, thus avoiding 
the need to provide a shape Intensifier made specifically 
to match areas of the moulding tool. 
[0012] Theinvention may be applied for consolidating 
and de-baulking individual layers, or a plurality of indi- 
vidual layers prior to the resin being subjected to heat 
or othenwise cured. However the method of the inven- 
tion may include applying heat to the composite material 
with the membrane In a stretched condition and with the 
at least partial vacuum established, causing or promote 
curing of the resin. Thus the resin preferably is a ther- 
mosetting resin. The invention may include placing the 
moulding tool, uncured composite material, and 
stretched membrane in an autoclave In which the com- 
posite material is subjected to heat and desirably, pres- 
sure too. 

[0013] According to a second aspect of the invention 
we provide a moulding apparatus for moulding articles 
from layers of composite material being fibres impreg- 
nated with uncured resin according to claim 1 2. 
[0014] The apparatus may further include means to 
apply heat to the composite material whilst the mem- 
brane is in the stretched condition and the at least partial 
vacuum Is applied to cure or promote curing of the resin 
of the composite material. 

[0015] The apparatus may include a base on or in 
which the moulding tool is provided, with there being 
means to provide a substantially air-tight seal between 
the frame and the base when the frame is in its second 
condition to enable the at least partial vacuum to be es- 
tablished between the membrane and the moulding tool. 
[001 6] The invention will now be described with refer- 
ence to the accompanying drawings In which:- 

FIGURE 1 is an illustrative end view of a moulding 
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apparatus according to the second aspect of the in- base 1 4. 

vention, in a first stage of a moulding method ac- [0022] The stretched elastomeric membrane 18 will 
cording to the first aspect of the invention; act to consolidate the layer or layers of composite ma- 
FIQU RE 2 is view simitar to figure 1 but at a second terial 16 about the generally male configuration mould- 
moulding stage; s jngtool 12. An at least partial vacuum is then established 
FIGURE 3 is a view similar to figures 1 and 2 in per- between the membrane 18 and the base 14, to remove 
spective, but at a third moulding stage. air particularly from between layers of the composite 
FIGU RE 4 is an illustrative side view of a helicopter material 1 6. The elastomeric membrane 1 8 will thus as- 
having a main sustaining rotor, at least parts of the sume the condition indicated in figure 3 In which the 
blades of which are made by the method of the in- io membrane 1 8 will be further stretched around, thus to 
vention. conform to the shape of. the moulding tool 12. 

[0023] The method described thus far may be applied 
[001 7] Referring to the drawings, a moulding appara- each time a layer is, or a plurality of layers 1 6 are draped 
tus 10 Includes a male moulding tool 12 which In this . overthe moulding tooM2, toconsolidate the layers, dur- 
example, is for moulding in a composite material, a lead- ^5 ing laylng-up. In between the individual layer or layers 
ing edge spar of a rotor blade for a helicopter which is being applied, the vacuum may be released and the 
elongate having a substantial axial extent. Thus the membrane 18 moved away from the moulding tool 12 
moulding tool 12 is of a configuration closely resembling sufficiently to allow the next layer or layers or un-cured 
the desired configuration of the leading edge spar of the preimpregnated composite material to be applied, 
rotor blade, and extends forthe entire length of the spar 20 [0024] When the final layer has been laid-up, the 
to be moulded. Thus the moulding tool 12 is of a sub- moulding tool 12 together with stretched membrane 18 
stantlal lengthways extent. may be placed in an autoclave A (with the at least par- 
[0018] The moulding tool 12 is provided on a base 14 tially applied vacuum applied, as indicated in figure 3), 
which may be an integral part of the tool 12» or the whereby the resin may be subjected to heat from a heat- 
moulding tool 12 may be mounted with respect to the 2s ing means H to cure or at least partially cure the resin, 
base 1 4. As Is conventional, the tool 1 2 has draped over Within the autoclave, if desired, the pressure exterior to 
it, one or more layers 16 of composite material. Such the membrane 18 may be increased, 
composite material layers may typically Include fibres [0025] Various modifications may be made without 
such as carbon, glass or Kevlar fibres impregnated with departing from the scope of the invention. For example, 
an uncured resin, usually a thermosetting resin. In the 30 the method and apparatus described may be used for 
drawings these layers 16 are denoted by a single line 17. moulding in composite matenal, articles other than 
[0019] In ordertoconsolidatethe individual layers 16, spars of helicopter rotor blades, in which case the 
or a plurality of the layers, and to remove air between moulding tool 12 and frame 20 may be configured par- 
the layers, a membrane 18 is placed over the moulding ticulaiiy for the article to be moulded, 
tool 1 2 and composite layer or layers 1 6. An at least par- 35 [0026] The invention is particularly useful where the 
tiai vacuum is then established between the membrane composite material to be cured is thick, by which we 
18 and the base 14. meanhavlngathicknessof greater than 1.5mm but may 
[0020] In accordance with the invention, the mem- be applied where the composite material is to be thicker/ 
brane 1 8 Is made of eiastomerto material and is applied thinner than this range. 

to at least a substantial part of the axial extent of the [0027] An example of a suitable elastomeric mem- 
moulding tool 12, and desirably, overthe entire axial ex- brane material is silicon mbber which is able to with- 
tentofthemouldingtool12.Themembrane18iscan'led stand temperatures typically encountered during heat 
by and occupies an opening 19 afforded by a frame 20 curing of themnosetting resins, namely of up to about 
which extends for the full extent of and surrounds the 1 75**C, and resiliently return to its original shape, for re- 
moulding tool 12 for the spar to be moulded. The frame use. However, any other elastomeric material, such as 
20 carries around the periphery thereof, a seal 21 . It can natural or another artifical rubber, may be used, 
be seen that the resilient membrane 1 8 In figure 1 . is In [0028] In figure 4 there is shown a helicopter E having 
a relaxed condition and thus the resilient material when a main sustaining rotor M with a plurality of rotor blades 
in this condition is of greater extent than the opening 19 R, at least the leading edge spars of which are each 
of the frame 20. so made by the method described above, using the mould- 
[0021] In figure 2, it can be seen that the frame 20 has ing apparatus 10. 

been moved towards the base 14. This will require a suf- [0029] Whereas desirably the entire leading edge 

ficient force to be exerted to stretch the elastomeric ma- sparcomponent. or othercomponent of each rotor blade 

terial membrane 1 8 over the laid-up moulding tool 12. R Is made in a single laying up process, using one mem- 

In this condition, the seal 21 is in substantially air tight ss brane 18 applied to the entire length of the elongate 

sealing contact with the base 1 4. Most conveniently the moulding tool 12, the leading edge spars or other com- 

membrane 18 is maintained in the stretched condition ponents of the rotor blades R may be made in sections 

by applying a clamp C between the frame 20 and the which are subsequently assembled together to make a 



3 



EP 1 162 055 A1 



6 



rotor blade R. 

[0030] The features disclosed In the foregoing de- 
scription, or the following claims, or the accompanying 
drawings, expressed in their specific fonns or in temis 
of a means for performing the disclosed function, or a s 
method or process for attaining the disclosed result, as 
appropriate, may, separately, or in any combination of 
such features, be utilised for realising the Invention in 
diverse fomris thereof. 
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Claims 

1 . A method of moulding an article from layers of com- 
posite material being fibres impregnated with un- is 
cured resin, the method including draping at least 
one layer (16) of the composite material over a 
moulding tool (12). applying over the composite ma- 
terial layer or layers (16) a membrane (18), and es- 
tablishing an at least partial vacuum between the 
membrane (18) and the moulding tool (12) to con- 
solidate the composite material, characterised In 
that the membrane (1 8) is made of a resilient ma- 
terial, and the method includes applying a force to 
the membrane to stretch the membrane (18) over 25 
the moulding tool (12) and maintaining the force 
whilst the at least partial vacuum is established. 

2. A method according to claim 1 characterised in 
that the resilient membrane material ( 1 8) Is an elas- 30 
tomeric material. 

3. A method according to claim 2 characterised In 
that the method includes re-using the membrane 
(18) material to consolidate further layers of com- 35 
posite material . 

4. A method according to any one of claims 1 to 3 
characterised In that the method includes consol- 
idating and de-baulking individual composite mate- 40 
rial layers (16) prior to the resin being cured. 

5. A method according to claim 1 to claim 3 charac- 
terised in that the method Includes consolidating 
and de-baulking a plurality of individual layers (16) 
of the composite material prior to the resin being 
cured. 

6. A method according to any one of the preceding 
claims characterised In that the method includes so 
applying heat to the composite material (16) with 
the membrane (18) in a stretched condition and with 
the at least partial vacuum established, to cause or 
promote curing of the resin. 

55 

7. A method according to claim 6 characterised In 
that the resin is a thermosetting resin. 



8. A method according to claim 7 characterised in 
that the method Includes placing the moulding tool 
(12), uncured composite material (16), and 
stretched membrane (18) in an autoclave (A) In 
which the composite material (16) Is subjected to 
heat. 

9. A method according to claim 8 characterised In 
that in the (A), the moulding tool (1 2), uncured com- 
posite material (16). and stretched membrane (18) 
are subjected to pressure. 

10. A method according to any one of the preceding 
claims characterised in that the article is elongate 
and the membrane (18) is applied over at least a 
substantial part of the axial extent of the article. 

11. A method according to claim 10 characterised In 
that the article Is a leading edge spar of a helicopter 
rotor blade (R). 

12. A moulding apparatus (1 0) for moulding articles (R) 
from layers of composite material (16) being fibres 
impregnated with uncured resin, the moulding ap- 
paratus (10) including a moulding tool (12) and a 
frame (20) affording an opening (19). the opening 
(19) having therein a membrane (1 8) of resilient ma- 
terial, there being means to move the frame (20) 
from one position in which the membrane (18) is 
spaced from the moulding tool (12) to another po- 
sition in which the membrane (1 8) is stretched over 
the moulding tool (1 2) with at least one layer of com- 
posite material (16) between the moulding tool (12) 
and the membrane (1 8), with there being means (C) 
to maintain the membrane (18) In a stretched con- 
dition whilst an at least partial vacuum is estab- 
lished between the membrane (18) and the mould- 
ing tool (12). 

13. An apparatus (10) according to claim 12 character- 
ised in that the apparatus further Includes means 
(H) to apply heat to the composite material whilst 
the membrane (1 8) is in the stretched condition and 
the at least partial vacuum is applied to cure or pro- 
mote curing of the resin of the composite material. 
(16). 

14. An apparatus according to claim 12 or claim 13 
characterised In that the apparatus (10) includes 
a base (14) on or In which the moulding tool (12) Is 
provided, with there being means (21) to provide a 
substantially air-tight seal between the frame (20) 
and the base (14) when the frame (20) Is in Its sec- 
ond position to enable the at least partial vacuum 
to be established between the membrane (1 8) and 
the moulding tool (12). 
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